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LINEAR QUADRATIC MODEL

NSD: Nominal standard dose (Ellis, 1969)
TDF: time-dose-fractionation (Orton & Ellis, 1973)
ERD: extrapolated response dose (Barendsen, 1982)
LQ: linear-quadratic (Orton & Cohen, 1988)
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SUBLETHAL DAMAGE REPAIR: incomplete repair
Thames HD et al. Incomplete repair model for survival after fractionated and continuous irradiation.
IJRO 1985; 47: 319
Dale RG et al. The application of the LQ formula dose-effect equation to fractionated and protracted
radiotherapy. B J Radiol 1985; 58: 515

1. Conventional EBRT/HDR daily fractions (>24h) permit enough time
between fractions for full repair to occur.
2. If interfraction time is reduced to less than aprox 8h, repair between
fraction may be incomplete and cell survival decreased.
3. A potential for therapeutic gain exists when the fractionation
sensitivity α/β for the host dose limiting late reacting normal tissues is
greater than a tumor lying within such tissue.

ENDOTELIAL MEDIATED CELL DAMAGE

Fuks Z, Kolesnick R. Engaging the vascular component of the tumor response. Cancer Cell. 2005;8:89-91.
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The Linear-Quadratic Model Is an
Appropriate Methodology for Determining
Isoeffective Doses at Large Doses Per Fraction
David J. Brenner, PhD, DSc
The tool most commonly used for quantitative predictions of dose/fractionation dependencies in radiotherapy is the mechanistically based linear-quadratic (LQ) model. The LQ
formalism is now almost universally used for calculating radiotherapeutic isoeffect doses
for different fractionation/protraction schemes. In summary, the LQ model has the following useful properties for predicting isoeffect doses: (1) it is a mechanistic, biologically
based model; (2) it has sufficiently few parameters to be practical; (3) most other mechanistic models of cell killing predict the same fractionation dependencies as does the LQ
model; (4) it has well-documented predictive properties for fractionation/dose-rate effects
in the laboratory; and (5) it is reasonably well validated, experimentally and theoretically, up
to about 10 Gy/fraction and would be reasonable for use up to about 18 Gy per fraction. To
date, there is no evidence of problems when the LQ model has been applied in the clinic.
Semin Radiat Oncol 18:234-239 © 2008 Elsevier Inc. All rights reserved.

L

et us start from the premise that we need some model for
calculating isoeffect doses when alternate fractionation
schemes are considered. In addition, apart from increasing
interest in alternative fractionation/protraction schemes, it is
essential that we know how to compensate appropriately for
missed radiotherapy treatments.
The tool most commonly used for quantitative predictions of dose/fractionation dependencies is the linear-quadratic (LQ) formalism.1-5 In radiotherapeutic applications,
the LQ formalism is now almost universally used for calculating isoeffect doses for different fractionation/protraction schemes.

fractionation range from which they were derived, as when
NSD was applied to large doses per fraction.8,9

Mechanistic
Background to the LQ Model
It is clear that radiotherapeutic response, both for tumor
control and for complications, is dominated by cell killing,2,10,11 and LQ is a mechanistic model of cell killing. Underlying the application of LQ to fractionation/protraction
effects is pairwise misrepair of primary lesions such as double-strand breaks (DSBs) or base damage (hereon in we shall
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EXAMPLE: HDR BRACHYTHERAPY FOR CERVICAL CANCER
TUMOR

Point A
(Physical dose)

Point A
(Equivalent dose)

EBRT

25fr x 1.8Gy
(45 Gy)

44 Gy EQD2 (α/β=10)

BT

4fr x 7Gy
(28 Gy)

40 Gy EQD2 (α/β=10)

Total

73 Gy

84 Gy EQD (α/β=10)

EXAMPLE: HDR BRACHYTHERAPY FOR CERVICAL CANCER
TUMOR

Point A
(Physical dose)

Point A
(Equivalent dose)

EBRT

25fr x 1.8Gy
(45 Gy)

44 Gy EQD2 (α/β=10)

BT

4fr x 7Gy
(28 Gy)

40 Gy EQD2 (α/β=10)

Total

73 Gy

84 Gy EQD (α/β=10)

OAR

Dose to OAR
(Physical dose)

Dose to OAR
(Equivalent dose)

EBRT

25fr x 1.8Gy
(45 Gy)

43 Gy EQD2 (α/β=3)

BT

4fr x 4.9Gy (70% of PtA)
(20 Gy)

31 Gy EQD2 (α/β=3)

Total

65 Gy

74 Gy EQD (α/β=3)

Ogino I, et al. Late rectal complication following high dose rate intracavitary
brachytherapy in cancer of the cervix. IJRO 1995; 31: 725
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